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Proteolysis is an intrinsic component of cutaneous 
wound repair and several matrix metalloproteinases 
have been shown to participate in various stages of 
this process. Therefore, we investigated the expres-
sion of a novel metalloproteinase, collagenase-3 
(MMP-13), in normally healing cutaneous wounds 
and chronic venous ulcers. MMP-13 was expressed 
abundantly by fibroblasts deep in the chronic ulcer 
bed but was not detected in epidermis and all the 
acute wounds. The spatial expression of MMP-13 
differed from that of collagenase-! (MMP-1), which 
was prominently expressed by migrating keratino-
cytes and dermal cells located just beneath the wound 
surface. Northern blot hybridization did not reveal 
T he matrix metalloproteinases (MMPs) a. re a family of at least 14 distinct but structurally related neutral proteinases that together can degrade essentiaUy all extracellular matri.x components (Birkedal-Hansen, 1995). Tllis enzyme group can further be divided 
into subfunlilies of interstitial collagenases, stromelysins, gelati-
nases, membrane-type metalloproteinases, and macrophage metal-
loelastase, which does not belong to the other groups . Among the 
metalloenzymes, interstitial collagenase (MMP-1) and neutropllil 
collagenase (MMP-8) are the principal enzymes tbat can cleave 
fibrillar type I, II, and III collagens (Welgus eta/, 1981; Woessner, 
1994) . The most recently cloned member of this metalloproteinase 
subfamily is collagenase-3 (MMP-13) (Freije et al, 1994), which 
differs fi:om collagenase-1 by its ability to degrade type II collagen 
10-fold more effectively than MMP-1 and by having stronger 
gelatinase activity than MMP-1 and MMP-8 (Knauper eta/, 1996). 
In 11i1Jo the expression of tlus novel MMP has so far been detected 
only in breast carcinomas (Freije et al, 1994), osteoarthritic cartilage 
(Mitchell et a/, 1996; Reboul et a/, 1996), rheumatoid synovial 
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expression of MMP-13 by fibroblasts cultured on 
tissue culture plastic. In accordance with our in vivo 
findings, however, fibroblasts grown in a collagen gel 
produced MMP-13 mRNA abundantly. Our results 
suggest that MMP-13 can be induced in skin during 
wound repair after altered cell-matrix interactions. 
Although both MMP-1 and MMP-13 have the unique 
ability to degrade fibrillar collagens, their regulation 
and role during wound repair seem different. Colla-
genase-! is critical for re-epithelialization, and 
MMP-13 most likely plays a role in the remodeling of 
collagenous matrix in chronic wounds. Key WOJ'ds: 
metalloproteinaselwmmd lreali1tg/fibroblast. J luvest Det'ma-
tol109:96-101, 1997 
membrane (Wenucke et al, 1996), and developing human fetal 
bone Gohansson et al, 1997a). 
During wound repair, degradation of extracelJular matrices is 
required to remove damaged tissue and provisional matrices and to 
allow angiogenesis and cell migration. These remodeling processes 
need the activity of various proteinases. Metalloproteinases and 
their inhibitors are expressed in temporal and site- specific patterns 
during cutaneous wound repair (Mignatti eta/, 1996; Vaalamo et al, 
1996) . We have previously demonstrated that among the metal-
loenzymes, MMP-1 is expressed by keratinocytes at the wound 
edges in chrotuc ulcers and normally healing acute wounds (Saari-
alho-Kere el a/, 1993b). The production of MMP-1 by migrating 
keratinocytes is initiated by contact with type I collagen via integrin 
receptors (Saarialho-Kere et al, 1993b; Sudbeck et al, 1994) and is 
needed to dissect the cell from the dermal matrix and to aid in 
efficient locomotion over dermal and provisional matrices. Further-
more, both stromelysin-1 (MMP-3) and stromelysin-2 (MMP-10) 
are expressed in chronic and acute WOlmds by basal keratinocytes, 
yet by distinct populations of these cells (Saarialho-Kere eta!, 1994; 
Vaalamo et al, 1996) . MMP-3 most likely takes part in the 
remodeling of the newly formed basement membrane and the 
dermal matrix. MMP-10 is expressed by the same cells as MMP-1 
and may be involved in its activation. In addition, 72-k:Da and 
92-k:Da gelatinases may be important in releasing keratinocytes 
from the basement membrane shortly after wounding (Agren, 
1994; Salo et al, 1994). Matrilysin is not produced by keratinocytes 
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or inflammatory cells in skin wounds but plays a significant role in 
the epithelial remodeling occurring in gastrointestinal ulcers (Saari-
alho-Kere et al, 1996). 
In tlus study, we wanted to examine the possible role ofMMP- 13 
in the connective tissue turnover or cell migration occurring during 
tl1e h ealing of ulcers. Our results indicate that mRNA for MMP-13 
is readily expressed in the stromal cells in chr01uc wounds distinct 
fi·om the areas of MMP-1 expression. In contrast, MMP-13 expres-
sion was not detected in the epidermal cells in chr011ic ulcers nor in 
dermal compartments of acute wounds. These results provide 
eviden ce that MMP-13 is not involved in the normal repair of 
dermal wounds but plays an important role in the remodeling of 
dermal stroma in chr01uc ulcers , possibly decelerating the repair 
process. The lack of epidermal signal su ggests that w1like MMP-1, 
MMP-13 expression is not associated with keratinocyte n'ligration 
but with remodeling processes in the dermal stroma . 
MATERIALS AND METHODS 
Acquisition ofTissue Specimens Informed consent was obtained from 
individual subjects for all procedures. Human skin samples were collected 
from a total of 11 patients with chronic venous leg ulcers (6 mo to 7 y) who 
underwent excision and grafting procedures at the Department of Plastic 
Surgery, Helsinki University Central Hospital. All the patients had been 
treated with conservative measures without reduction in the ulcer surface 
area. T he tissue specimens, containing both epithelium and ulcer bed, were 
formalin-fixed and paraffin-embedded and were less than 2 y old. 
As tissue samples for acute wounds, biopsies of nom1ally healing donor 
areas on the anterior thigh were obtained 1-7 d after wow1ding from 11 
patients of the Department ofDermatology, U11iversity ofHelsinki, under-
going a pinch grafting procedure (Vaalamo eta/, 1996). 
In Situ Hybridizatio11 Secti.ons were hybridized with 35S-labeled RNA 
probes (3 X 104 cpm per fLI of hybridization buffer) at 50°C and were 
washed under stringent conditions, including treatment with RNase A, as 
described (Prosser et a/, 1989; Saarialho-Kere et a/, 1993a). After autora-
diography for 14 to 30 d, the photographic emulsion was developed and the 
slides were stained with hema.tm.:ylin and eosin. 
RNA Probes The production and specificity of the anti-sense human 
interstitial collagenase and stromelysin-1 RNA probes have been desc1·ibed 
(Saarialho-Kere et al, 1992, 1994). T he MMP-13 eDNA plasmid 
MMP13HT3 Gohansson et a/, 1997b) was linea1;zed within the multiple 
cloning site with Hi11dlll and EcolU to allow transcription of anti-sense 
(corresponding to nucleotides 1532- 2042) and sense RNAs, respectively, 
and plasmid MMP13HT1 was linearized within the multiple cloning site 
with X ltol and Kpul to allow transcription of anti- sense (corresponding to 
nucleotides 57-547) and sense R.NAs, respectively. /u tlilro-transcribed 
anti-sense and sense RNA probes were labeled with (a-35S)-labcled UTP as 
described (Saarialho-Kere eta/, 1993b). 
lulllllllloltistocltemistt}' On sections parallel to those used for iu sit11 hybrid-
izations, tissue macrophages were identified by a anti-macrophage mono-
clonal antibody (KP-1; M814, Dako, Carpinteria, CA), which reacts with 
CD- 68, a specific macrophage marker (Pulford et a/, 1989). Activated 
fibroblasts were stained with a rnonoclonal antibody to the N terminus of 
the type 1 procollagen (PC-I) molecule (MAB 1912; Chemicon, Temecula, 
CA). Anti-smooth muscle actin (6582; Bio-Makor, Rehovot, Israel) mono-
clonal antibody was used to identify myofibroblasts. Deparaffin.ized 5-fLm 
sections were processed for immunohistochemistry as described (Saarialho-
Kere el al, 1993b). CD- 68 antibody was diluted 1:200, PC-I antibody was 
diluted 1:300, and anti-smooth muscle actin antibody was diluted 1:20,000. 
Enzyme activity was detected with 3,3 ' -diaminobenzidine tetrahydrochlo-
ride or aminoethylcarbazole (anti-smooth muscle actin) as chromogenic 
substrate, and tissues were countersta ined with hematO:\.)'lin . Controls were 
performed with mouse pre-immune serum at a comparable dilution. 
Cell C llltllres Normal human skin fibroblasts were maintained in Dulbec-
co's modification of Eagle's medium (DMEM , Flow Laboratories, Irvine, 
Scotland, UK), 2 mM glu tamine, 100 lU pcnicillin-G per ml, and 100 fLg 
streptomycin per mi. Collagen gels were prepared with bovine dermal 
collagen, Cellon (Strassen, France), containing 95% type I collagen and 5% 
type Ill collagen. Eight volumes of Cellon were mixed with 1 volume of 
lO X concentrated DMEM and 1 volume of NaOH (0.05 M) in 0.2 M 
N-(2-hydrO:\.)'ethyl)piperazine-N' -(2-ethanesulfonic acid) and kept on ice. 
Cells were trypsinized, resuspended in DMEM supplemented with 10% fetal 
bovine serum, mixed into a neutralized Cellon solution, and transferred into 
six-well plates. The plates were incubated at 37°C for 1 h for collagen 
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polymerization. Thereafter, DMEM supplemented with 10% fetal bovine 
serwn was added and the gels were detached from the sides of the wells. 
The gels were incubated for 48 h before releasing the cells from the gels. As 
a control, fibroblasts were plated as monolayer and cultured in DMEM 
supplemented with 10% fetal bovine serum for 48 h. Promonocytic U937 
cells and CRL-1995 fibroblasts were cultured as previously described 
(Wilhelm et nl, 1987; Saarialho-Kere et nl, 1993c). Human alveolar macro-
phages were isolated from healthy adult smokers by saline bronchoalveolar 
lavage and cultured as described (Campbell et a/, 1991). 
Nottltem Blot A11alysis To isolate total RNA from the dermal fibroblasts 
inside collagen gels, the gels were briefly treated with 0.5 mg collagenase 
(type II, Sigma) per ml in phosphate-buffered saline (pH 7.4) with 1 mM 
CaC12 . Total cellular RNA was isolated from all cell types studied by using 
the single-step method (Chomczynski and Sacchi, 1987). Aliqnots of total 
RNA (10-17 !Lg) were fractionated on 0.8% agarose gel containing 2.2 M 
formaldehyde, transferred to a Zeta-Probe filter (Bio-Rad, Riclunond, CA) 
by vacuum transfer (VacuGene XL; LKB, Bromma, Sweden), and immo-
bilized by heating at 80°C for 30 min. T he filter was prehybridized for 2 h 
and subsequently hybridized for 20 h with 32P-labeled cDNAs (Thomas, 
1980) for human collagenase-1 (MMP-1) (Goldberg eta/, 1986) and human 
collagenase-3 (MMP-13, Qohansson et nl, 1997b). T he [32P]cDNA-mRNA 
hybrids were visualized with autoradiography. 
RESULTS 
Tissues To assess the role of MMP-13 in dermal wound repair, 
we examined whether it is expressed in remodeling skin and 
whether chronic and acute wounds that are normally healing differ 
in its production. We studied 22 hwnan samples by using ;, sitrt 
hybridization. A ll samples were independently analyzed by two 
investigators. T h e chronic wounds were ch aracterized histologi-
cally by different degrees of epithelial hyperplasia, inflammation, 
fibrosis, and capillary proliferation. No acute human wounds 
exanun ed showed macroscopic eviden ce of inflammation or fibro-
sis, and the corresponding areas healed by 1 wk. MMP-13 was not 
detected in three samples of lustologically normal humru1 skin, in 
accordance with previous findings in several normal human ti ssues 
(Mitchell et al, 1996; W eruicke et a/ , 1996). No specific signal was 
detected in any of the tissue sections hybridized with sense probe. 
Collagenase-3 Is Expressed in Chronic Wounds by Stromal 
Cells MMP-13 mRNA was detected in all srunples of chronic 
wounds located at th e bottom of granulation tissue in regions with 
abundant capil lary proliferation and fibroplasia (Fig 1B,E). The 
majority of MMP-13 expressing cells were spindle-sh aped fibro-
blast-like cells in 7 of 11 samples (Fig 1G) ru1d plump activated 
fibro blast/macrophage-like cells in 4 of 11 samples (Fig 11). The 
cells labeled for MMP-13 were detected deeper in the wound bed 
than th ose lab eled fm MMP-1 (Fig 1B-F). Most of the MMP-13-
positive cells were fibroblasts by nucroscopic appearance ru1d tissue 
localization (Fig 1G). A subset of MMP-13 expressing cells were 
also PC-I-immunopositive (Fig 2G,H) although most activated 
newly synth esized PC-I-contaiJung fibroblasts were detected in the 
upper layers of granulation tissue in different areas than MMP-13 
mRNA-positive cells. Tlus localization of PC-I-positive fibroblasts 
is in accordance with previous i11 sit11 h ybridization studies on 
collagen I production (Scharffetter et a/, 1989). Staining for CD68 
revealed that MMP-13-positive cells were not macrophages (Fig 
2E,F) or myofibroblasts, as assessed by anti-smootl1 muscle actin 
antibody (Fig 2C,D). 
MMP-13 was not detected in the areas deep in the wound bed 
with fibroblasts surrounded by mature looking coll agen bundles 
(Fig 1H). MMP-13 mRNA was not detected in endothe lial cells 
(Fig 2A,B) or wound keratinocytes (Fig 1B,E), wluch agrees witl1 
the n egative data of Johansson et a/ (1997b) in normal hUtnan 
epidermal keratinocytes in cu lture. MMP-13 was not detected in 
acute wounds. 
Collagenase-! Expression Is Spatially Different from Colla-
genase-3 Expression MMP-1 was expressed in k:eratinocytes 
bordering the ulcer in all samples of acute and chronic wotmds (Fig 
1C,F), in agreement with our previous data (Saarialho-Kere el a/, 
1993b). In all chrotuc wounds, MMP-1 was al so e)I.'Pressed in the 
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Figure 1. Collagenase-3 and collagenase-1 are expressed in distinct areas in chronic ulcers. Sections of chronic venous ulcers were processed for 
in situ hybridization with 355-labeled RNA probes for collagenase-3 and collagenase-1 and counterstained with hematOO\)'Lin and eosin, as described in 
Mnterinls nud Methods. (A,B) Paired bright- and dark-fteld photomicrographs showing collagenase-3 expression in a 2-y-old chronic wound. (C) A dark-field 
image illustrating collagenase-1 expression in a 2-y-old chronic wound. (D, E) Paired bright- and dark-field images of a 5-mo-old ulcer w ith expression for 
collagenasc-3. (F) Dark-field image of a 5-mo-old ulcer with expression for collagenase-1. Arrows point to the epidermis at the wound edge. (G) Higher 
magnification bright-field image of collagenase-3-positive cells in a fibrotic area. (H) The area still deeper in the wound bed presents with few fibroblasts 
devoid of signal. (I) Collagenase-3-expressing cell s around the blood vessels (arrows). Autoradiography was for 17-32 d. Scn/e b11rs: (A-F) 50 f-Lm; (C,H) 12 
f-Lm; (I) 25 f-L111 . 
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Figure 2. Collagenasc-3-cxpressing stromal cells are fibroblasts.- lmmunostaining for myofibroblasts (aJ1ti-smooth muscle actin), macrophages 
(CD68) and activated fibroblasts (PC-I) was performed on serial sections to those processed for i11 sit 11 hybridization with RNA probes. Sections were 
counterstained with hematoxylin (immunostaining) or hematO.\.}'lin and eosin (i11 situ hybridization). Autoradiography was for 17-32 d. (A) Dark-field 
photomicrograph w.ith signal for collagenase-3 mR.NA. (B) Adjacent section showing staining for an ti-smooth muscle actin . T luck arrows mark 
corresponding areas. (C,D) H igher magnification of the surrounded area in B. Note collagenase-3-positivc cells (arrows). T luck arrows mark corresponding 
<u·cas . (E) I11 sit 11 hybridization fo r collagenase-3. (F) lmmunohistochenucal stainin g for CD68. Anows point to CD68-positive but collagenase-3 negative 
cell s. Small arro ws point to co llagenase-3-positive but CD68-negative cells. (G) Iu situ hybridization fo r collagenase-3 . (H) Immunohistochemical staining 
for procollagen-1. Note cells that are positive for both collagenase-3 and procollagen-1 (anows) . (T) !11 sit11 hybridization for collagenase-1. aJ lmmunostaining 
for procollagen-1. Arrows point to co llagcnase-1- and PC-1-positive cells. Scale bars: (A,B) 50 11-m ; (C-F) 12 11-111; (C,H) 5 fLm; (TJ) 25 f.l.111. 




Figure 3. Expression of collagenase-3 in fibroblasts is induced by 
contact with collagen matrix. Northern blot analysis of collagenase-3 
(MMP-13) and interstitial collagenase (MMP-1) expression in fibroblasts 
cultured in monolayer and inside collagen gels. Human fibroblasts were 
cultured in monolayer (-) or inside collagen gels ( + ) for 48 h before 
isolating total cellular RNA. Aliquots of tota l RNA (17 J.Lg) were analyzed 
for the levels of MMP-13 and MMP-1 mRNAs with northern blot 
hybridizations, as described in the Materials a11d Method.< . The 28S and .18S 
rR.NAs were visualized by ethidium bromide staining. 
stromal cells but expression was usually distinct from the expression 
of MMP-13, being most prominent under areas of necrosis in the 
surface of the wound bed (Fig 1C,F). The number of cells 
expressing MMP-1 was far greater than the number of cells 
expressing MMP-13 (Fig 1B,C,E,F). M any of the MMP-1-pro-
ducing cells were PC-T-positive (Fig 21,]). 
MMP-3 was expressed in the stroma in three of eight of the 
samples that were positive for MMP-13 in an area distinct from 
MMP-13 expression (data not shown). Thus, although MMP-3 is 
able to activate MMP-13 by a two-step mechanism (Kniiuper el a/ , 
1996), its function in this role seems unlikely in chronic wounds in 
v1:11o . 
Expression of Collagcnase-3 by Human Skin Fibroblasts in 
Culture Since expression of MMP-13 was detected in the stroma 
of clu·onic ulcers in fibrobla st/macrophage-like cells, we also 
wanted to examine whether MMP-13 gene is expressed by normal 
human skin fibroblasts in culture. Surprisingly, no MMP-13 mR-
NAs were detected in dem1al fibroblasts 48 h after plating on plastic 
as monolayer (Fig 3) or fibroblasts stimulated with phorbol 12-
myrista te 13-acetate, transforming growth factor-J3, interleukin-1/3, 
or tumor necrosis £1ctor- a Qohansson et a/, 1997). Interestingly, 
dermal fibrobla sts cultured inside a collagen gel for 48 h expressed 
clearly detectable levels of two MMP-13 transcripts with sizes 2.0 
and 2.5 kb . In the same cells, expression of MMP-1 mRNA was 
de tected in monolayer, and i11 accordance with previous observa-
tions (Riikonen et al, 1995), the level of MMP-1 mRNA was also 
markedly enhanced when cells were cu ltured inside a collagen gel 
for 48 h (Fig 3) . T hus , these results show that dermal fibroblasts are 
able to express MMP-13 gene and that its expression is induced by 
contact of fibroblasts with a }-dimensional collagen matrix. 
No MMP-13 mR..NAs were detected in 10 J.tg of total RNA from 
lipopolysaccharide-stimulated U93 7-monocyte/macrophages or al-
veolar macrophages or from THP-1 ceLl s treated with tumor necrosis 
factor- a, interleukin-l/3, or interleukin-10 (data not shown). 
DISCUSSION 
This work demonstrates the prominent expression of a recently 
cloned MMP, collagenase-3, in chronic ulcers and its absence fi·om 
normally healing wounds. In addition to breast cancer tissue, its 
production has been observed previously in osteoarthritic cartilage 
(MitcheLl et a/, 1996) and rheumatoid synovia (Wernicke ef a/, 
1996), but expression has not been detected in normal adult tissue 
(Freije el al, 1994; Wernicke eta/, 1996) or fetal skin (Johansson et 
a/ , 1997a). The role of MMP-13 in the degradation of collagen type 
fl , the major collagen in cartilage, is well established (Knauper eta/, 
1996; Mitchell eta/, 1.996; Reboul cl al, 1996; W ernicke ef a/, 
1996) . Our report describes MMP-13 production in skin fibrobla sts 
and suggests that it may also function in the degradation of types I 
and Ill collagen. 
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Wound healing is a tightly regu lated seri es of events during 
which the MMPs play an important role . T he function ofMMP-13 
in this context is ofinterest, because among the MMPs, M.MP-13 
and MMP-1 are distinct in their capacity to degrade fibrillar 
collagens (Knauper ef a/, 1996). Tl~i s ability may be required in 
dermal wound repair, where the matrix consists largely of fibrillar 
collagen types J and DI (Eckes ef a/, 1996). Our observations on 
MMP-13 expression ;, 11ivo and in cell culture suggest restricted 
tissue-specific expression, as compa1·ed to MMP-1, whi ch is pro-
duced by several cells including fibroblasts , endothelial cell s, 
keratinocytes, macrophages, and cbondrocytes (Werb, 1989). Fur-
thermore, MMP-13 and MMP-1 have separate roles in matrix 
remodeling and are regulated dilferentially, in accordance with 
previous data on rheumatoid synovia (Wernicke et al, 1996) . 
MMP-1 is expressed after interaction with type I collagen in 
migrating keratinocytes, where it is needed in keratinocyte loco-
motion . It is also produced in upper parts of the ulce r bed, taking 
part in the remodeling during the form ation and removal of 
granulation tissue (Saari alho-Kere eta/, 1993b, 1994). fn fibroblast 
cultures, MMP-1 is up-regulated by cytokines and contact with 
coLlagenous matrix (Mauch et a/, 1989) . In chronic wounds MMP-
13-positive cells are located deeper in the ulcer bed, where the 
surrounding collagen fibers still appear immature by light micros-
copy. MMP-13 may take part in the process of matrix reorganiza-
tion in tlus area by degrading types I and Ill collagens and their 
cleavage products, because it also possesses gelatinolytic activity 
(Knauper et nl, 1996). At the bottom of the wound bed with 
mature-appearing collagen fibers and reduced number of fibro-
blasts, expression of neither MMP-1 nor -13 was detected, probably 
due to completed remodeling of the surrounding matrix. 
The pathogenesis of chronic wounds is multifactorial, and one of 
the hypotheses concentrates on excessive proteinase production as 
a contributing factor to delayed healing. For example, efficient 
re-epithelialization may requiTe proper balance between metalloen-
zymes and theiT inlubitors . ln light of current data , overe>-."]Jression 
of one particular metalloproteinase cannot be held responsible for 
retarded healing. TIMP-1 expression and production , however, 
may be low in chronic wounds (Vaalamo el a/, 1996) , leading to 
enhanced degradation of basement membran e and dermal protein 
components. In this study, collagenase-} was not detected in any 
acute wound examined. The most mature sample of a normally 
healing wound was taken on ly 7 d after wounding, which is a 
relatively short observation period and may offer an explanation to 
the lack of sig11al. Even though epithelialization is complete by that 
time, the process of m;1trix reorga1uzation continues for months to 
reach the maximum tensile strength (Clark, 1995). Second , in 
contrast to samples of chTonic ulcers, acute wound biopsies lacked 
fibroti c areas where MMP-13 was greatly produced i11 chroni c 
venous ulcers . 
Transforming growth £1ctor-J3 is one of the most important 
cytokines in granulation tissue formation and has a broad range of 
acti.vities in wound repai1·, one of which is to regulate the fibroblasts 
(Roberts and Sporn, 1995). Transforming growth factor- J3 has dual 
effects on the expression of MMP-1; it up-regulates MMP-J in 
keratinocytes but down-regulates it in fibroblasts (Mauviel el a/ , 
1996) . In cultured human HaCat ket·atinocytes Qohansson et a/, 
1997b) and fetal chondrocytes (Johansson el a/ , l997a), transform-
ing growth factor-J3 up-regulates collagenase-} production. T hus, 
it is tempting to speculate that it might also induce fibroblasts to 
produce MMP-13 in the wound environment through a ltered 
integt;n interactions . 
In addition to the actions of growth factors and cytokines, 
cell-matri..x interactions are an important regulation m echatusm for 
MMP production. For example, contact of keratin ocytes with type 
I collagen is needed for their migration and induction of MMP-1 in 
cell cu lture (SaariaU1o-Kere el a/, l993b; Sudbeck et al, 1994). 
Furthermore, cell-matrix interactions influence the cytoskeletal 
architecture of cells and strong correlation exists between cell shape 
changes and the expression of MMP genes (Werb el a/, 1986) . In 
this study, we found that fibroblasts seeded in a 3-dimensional type 
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I coHagen gel expressed MMP-13 , but that fibroblasts cultured on 
tissu e culture plastic did not express MMP-13. Thjs suggests that 
MMP-13 production is induced by the contact of fibroblasts to type 
I coUagen where al{31 and a2{31 integrin receptors could serve as 
putative ligands. Future experiments are needed to characterize the 
ability of gelatin to induce MMP-13 expression and to find the 
cytokines capable of up-regulating this enzyme in wow1d ftbro-
blasts. 
Our data demonstrate abundant expression of MMP-13 in the 
matrix of chronic wounds. We also show that fibrob lasts grown in 
collagen type I, but not those grown on tissue culture plastic, 
express MMP-13, suggesting that cell-matrix interactions control 
MMP-13 production. MMP-1 takes part in epithelial migration, 
anCt MMP-13 has a role .in long-term remodeling of the matrix . 
Although the function of MMP-13 in the granulation tissue of 
chronk ulcers remains to be shown, it co uld be involved in the 
degradation of collagen types I a11d III and their cleavage products. 
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